Abstract-Novel ent-kaurane glucosides were synthezised by a Koenigs-Knorr reaction between C17 and C19 alcohols derived from kaurenoic acid and 2,3,4,6-tetra-O-acetyl-glucopyranosyl bromide, followed by the hydrolysis of the acetates. Main products were assayed in vitro and in vivo against blood trypomastigote forms of Trypanosoma cruzi, the aetiological agent of Chagas' disease (American trypanosomiasis). The results allowed to establish structure-activity relationships among these derivatives, as well as pointed out the C19-methylester-C17-O-glucoside as a potential trypanocidal agent, whose trypanocidal profile was shown to be comparable to those of gentian violet and benznidazole.
Introduction
Chagas' disease (American trypanosomiasis) belongs to the group of the so-called Drug Neglected Diseases-DND, and is one of the most neglected tropical endemies. 1 Of the 1223 new drugs (new chemical entities) which entered the market between 1975 and 1996, only two were for Chagas' disease therapy: benznidazole, a nitroimidazole derivative (Rochagan Ò , Roche) and nifurtimox, a nitrofuran derivative (Lampit Ò , Bayer). Both drugs have significant activity in the acute phase, with about 80% of parasitological cures in treated patients, but their very low antiparasitic effect in chronic patients remains major limitation to their clinical use. 1, 2 Trypanosoma cruzi, a haemoflagelete protozoan (family Trypanosomatidae, order Kinetoplastida), is the aetiological agent of Chagas' disease and its life cycle involves obligatory passage through vertebrate (mammals, including human) and invertebrate (hematophagus triatomine bugs) hosts. Transmission of the infective trypomastigote form occurs mainly by vector insect bite (80-90%), blood transfusion (5-20%) and congenital routes (0.5-8.0%). The chronic disease is characterized by cardiac, digestive or neurological disturbances. 2 Control of vectorial and transfusion transmissions has been successfully carried out in Brazil. However, 16-20 million people in Latin America are infected with T. cruzi causing 21,000 deaths and 200,000 new infections annually in 15 countries (from Mexico to Argentina). The incidence of this infection afflicts >80% of the population in some regions of Bolivia and Mexico. 3 Intense migration of people from endemic Latin American countries must be cause of concern for USA health authorities as it was recorded that between 50,000 and 100,000 people are infected per year in this country. 4 Gentian violet is recommended for sterilization of blood stored in blood banks of endemic regions, but despite its effectiveness, there are some restrictions to its use due to side effects. 5 New and safer trypanocidal compounds are needed both for prophylaxis and therapy. It is recommended that the search for prophylatic drugs as alternatives to gentian violet must initially involve in vitro assays with trypomastigotes in the presence of blood at 4°C. Besides being colourless and soluble in the aqueous medium, the compounds should not be inactivated by blood elements or be toxic to them. Many trypanocidal compounds, including available drugs of several therapeutic classes, have been identified, but no one currently can be used as a substitute for gentian violet. 2 An 8-aminoquinoline compound (WR6026) seems to be the most promising candidate to prevent transfusion associated Chagas' disease. 6, 7 The in vitro assay with T. cruzi trypomastigotes could also lead to the identification of potential drugs for Chagas' disease chemotherapy. The in vitro active compounds should be further evaluated for in vivo sensitivity in mice experimentally infected with T. cruzi. In a rapid test, the suppressive effect on parasitaemia occurs almost immediately after administration of an effective drug 8 and this assay would allow the selection of candidates for curative murine models of acute or chronic Chagas' disease. A limitation to the evaluation of natural products is the amount of sample required for the in vivo assays, about 20 mg for the rapid test (6 h) and 500 mg for a 20-day treatment. Therefore, in vivo assays of natural products are restricted to abundant ones.
Widely occurring and sometimes abundant triterpene and diterpene acids, like ursolic and kaurenoic acids, have been shown to be active in the in vitro assays against the blood trypomastigote form of T. cruzi.
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Kaurenoic acid, a diterpene commonly isolated from some Asteraceae and Annonaceae species, caused not only complete elimination of trypomastigotes from the blood in the in vitro assays at high concentrations (>1 mM), but also complete lysis of erythrocytes 11, 15 , although this haemolytic effect had not been reported previously. 9 Besides, it is insoluble in aqueous medium and cannot be used as a prophylatic agent unless a hydrosoluble derivative could be obtained.
Kaurenoic acid is abundant in some Brazilian plant species belonging to the genera Xylopia (Annonaceae), Mikania and Wedelia (Asteraceae), the highest content being found for X. frutescens seeds (ca. 3%). 16 It has been used as starting material for chemical synthesis aiming to improve its trypanocidal activity. A series of amides, amines and amine hydrochlorides was obtained by reactions on the carboxyl group. Aqueous solubility of the amine salts did not improve the trypanocidal activity level in relation to kaurenoic acid, although a decrease of haemolysis was observed. 15 The potentiality of the abundant kaurenoic acid for synthetic modifications is far from being completely exploited. In the present paper, we report the synthesis of glycosides derived from this diterpene acid and their evaluation as trypanocidal agents.
Results and discussion

Chemistry
Our synthetic approach involved the conversion of kaurenoic acid (1) into the alcohols 3 and 4 that were submitted to glycosidation (Scheme 1). The methyl ester 2 and the alcohols 3 and 4 were obtained according to usual procedures: esterification with diazomethane, followed by LiAlH 4 reduction (3) 15 or hydroboration-oxidation (4). The ent-16a configuration of 4 was unambiguously assigned previously. 17 Glycosidation of 3 by the classic Koenigs-Knorr reaction 18, 19 (Scheme 2) was carried on with 2,3,4,6-tetra-O-acetyl-glucopyranosyl bromide (5), in the presence of Hg(CN) 2 , in toluene, at ca. 80°C (80 h), and required a long time (140 h), affording the alcohol acetate 7 as major product (50% isolated yield) and a mixture (1:1) of the peracetylated b-glycosides 8a/b (34% yield) that, under hydrolysis with sodium methoxide, gave a mixture Glycosidation of 4 (Scheme 3), in similar conditions used for 3 [Hg(CN) 2 , toluene, 80°C], gave the a-peracetylated glycoside 13 (37% yield) and the acetate derivative 14 (25% yield). The a-glucoside 16 was obtained in 81% yield after hydrolysis of 13 with sodium methoxide. Reductive de-O-acetylation of 13 with LiAlH 4 afforded the a-glucoside alcohol 15 in 68% isolated yield (Scheme 3).
1 H NMR spectra of 13, 15 and 16 exhibited a one proton doublet at d 5.08 (J = 3.7 Hz), 4.77 (J = 3.8 Hz) and 4.77 (J = 3.8 Hz), respectively, and are consistent with a-anomeric glycosides. Characteristic chemical shifts of C-1 0 anomeric carbons were observed in 13 CNMR spectra of 13 (d 96. Attempts to obtain higher yields in the glycosidation of the alcohols 3 and 4 were carried on by keeping the Koenigs-Knorr reaction at room temperature for 24 h and then heating to 80°C until the disappearance of the starting materials in TLC. These procedures led to the orthoester 6 (44%) and the alcohol acetate 7 (25%) (Scheme 2), as well as to the orthoester 11 (54%) and the glucoside 12 (37%) (Scheme 3). Hydrolysis of 6 with MeOH/H 2 O/Et 3 N (8:1:1) gave the a-2-O-acetylglucoside 9 (73% yield). The alcohol acetates 7 and 14 are indicative of the formation of the respective orthoesters what very often occurs in the classic Koenigs-Knorr glycosidation procedure and involves the participation of the carbonyl group at C-2 0 of the glycosylating agent. Formation of these products is favoured when the acceptor alcohol is sterically hindered 20 what indeed explains a higher yield of 7 (50%) than 14 (25%).
1 H and 13 C NMR data for compounds 1-16 are found in Tables 1 and 2 .
Trypanocidal activity
Aiming to evaluate the preliminary trypanocidal activity of the main compounds of this work, in order to select the most potential active ones for the next in vivo assay, an in vitro evaluation of compounds 1-4, 9, 10a/b, 15 and 16 against trypomastigotes of T. cruzi (Y strain) was performed according to methodology previously described, 11, 17, 21, 22 and the results are shown in Table 3 .
Compounds 1, 2 and 4 disclosed the expected profile, causing complete (1 and 4) or almost complete (2) elimination of parasites, besides lysis of erythrocytes (1 and 4), at concentrations higher than 1 mM, the haemolytic effect being stronger (total lysis) for kaurenoic acid (1) than for the methyl ester alcohol derivative 4 (partial lysis) and the methyl ester 2 (absence of lysis). Kaurene alcohol 3 was less active, complete elimination of parasites occurring only at 5.00 mM without significant haemolysis. It seems that the haemolytic effect is related to the presence of a carboxylic acid group at C19. For glucosides 9, 10a/b and 15, in comparison with the respective aglycones 3 and 4, a decrease in the trypanocidal effect was observed. On the other hand, the C19-methylester-C17-O-glucoside 16 was more active than kaurenoic acid (1) and the corresponding alcohol 4, with the advantage of causing no significant haemolysis, what is a desirable characteristic for a Chagas' disease chemoprophylatic agent. Other favourable properties of 16, as a potential trypanocidal agent to be added to transfusional blood, are its colourless and better solubility in aqueous media. Besides, the trypanocidal profile of 16 is very close to the one observed for gentian violet, the standard chemoprophylatic drug, at least in the conditions of the in vitro assays.
Based on the results depicted in Table 3 , and considering the amount of each compound available, compounds 2 (kaurenoic acid methyl ester) and 16 (C19-methylester-C17-O-glucoside) were assayed to determine the sensitivity of T. cruzi in vivo within a short period of time (6 h). A rapid method detecting activity against trypomastigotes circulating blood forms was used for assessment. This method is based on the fact that T. cruzi blood forms intravenously inoculated into mice persist for some hours in the bloodstream without penetrating the host tissues whereas with active drugs a rapid decline in the number of blood parasites is observed. 8 Swiss male albino mice (18-20 g) were intraperitoneally inoculated with blood trypomastigotes of T. cruzi Y strain and, at the peak of parasitaemia (7th day), a single dose of 250 mg/kg of the compounds was given by oral route. The number of circulating bloodstream forms was microscopically determined, before injection and 4 and 6 h later. Untreated mice similarly inoculated were used as negative controls and benznidazole (Rochagan Ò , Roche) at a dose of 250 mg/kg served as positive control. Groups of three mice were used in all experiments. The results are shown in Table 4 . Parasitaemia reductions determined with benznidazole (4 h 91.7 ± 3.9%; 6 h 92.6 ± 3.5%) and for untreated mice (4 h 29.6 ± 10.5%; 6 h 23.3 ± 11.9%) showed statistically significant difference and are clearly indicative of positive and negative control, respectively. For compounds 2 and 16 parasitaemia reductions were significantly higher than those of the negative control both at 4 and 6 h and for each compound the parasitaemias were equivalent after 4 and 6 h. Moreover, at of 4 h, there was no significant reduction in parasitaemia between mice treated with 16 and the group of the standard drug benznidazole (positive control). Thus, both these ent-kaurane derivatives have shown in vivo trypanocidal activity. The result for 16 is remarkable for the observed equivalence with benznidazole after 4 h of administration. On the other hand, its effect significantly decreases after 6 h while the one of benznidazole is maintained at the same level. This might be explained by the possible hydrolysis of the ester and/or glycosidic functions. The results of the in vitro assays for 15 and 16 (Table 3) indicate that an ester group at C19 makes a significant contribution to the trypanocidal activity that decreases for C19-alcohols (3 and 15) and C19-O-glucosides (10a/b). The double bond between C16 and C17 is not essential for the activity, since the trypanocidal effect is increased after its hydroxylation, as can be deduced by comparing the effects of 2 and 4 ( Table 3) . Considering the in vitro profile of compounds 4 and 16, one can conclude that glycosidation of 4 does not affect the trypanocidal activity, but the undesirable haemolytic effect is supressed. Moreover, the good profile of 16 in the in vitro and in vivo assays might be attributed to more favourable pharmacokinetic properties since the glycosyl moiety attached to the kaurane skeleton must increase its hydrophilicity and influence the transport through the cell membrane. 23 For this reason, the present results support the quest for more polar derivatives of kaurenoic acid.
In addition, it should be pointed out that the utility of the rapid in vivo method as a screening technique permits the evaluation of the trypanocidal activity in a short period of time (6 h) only requiring a small number of test animals. Besides, as it has been originally described by Filardi & Brener, 8 this method shows a fairly good correlation with those obtained by prolonged treatment schedules used to assess the action of drugs in experimental Chagas' disease. 8 Thus, compounds 2 and 16 can be considered promising chemotherapeutic agents deserving further evaluations.
Experimental
Chemistry
Melting points were taken with a Microquímica apparatus APF-301 and uncorrected. Optical rotations were measured with a Bellinghan & Stanley P20 polarimeter. IR spectra were obtained on a Perkin-Elmer FT-IR spectrophotometer in diamond film. NMR spectra were recorded at 400 MHz for 1 H and 100 MHz for 13 C in deuterochloroform or deuteromethanol, added of TMS as internal reference, on a Bruker DRX 400. Chemical shift values are expressed in ppm and coupling constants (J) in Hz. Column chromatography (CC) and flash column chromatography (FCC) were performed on silica gel Merck 60 (0.063-0.200 and 0.040-0.063 mm, respectively). HRMS were run in a VG TS-250 spectrometer working at 70 eV. TLC were carried out on silica gel Merck 60 F 254 (0.25 mm thick). Solvents and reagents were purified by standard procedures.
3.1.1. ent-Kaur-16-en-19-oic acid (kaurenoic acid) (1) . It was obtained from Wedelia paludosa ethanol extract, as described previously. 
Methyl-ent-17-hydroxy-16a-kauran-19-oate (4).
The methyl ester 2 (302 mg, 0.956 mmol) in dry THF (20 mL) was treated with diborane generated in situ by adding NaBH 4 (364 mg, 9.62 mmol) followed by BF 3 AEOEt 2 (dropwise, 1.2 mL, 9.6 mmol). After stirring for 2 h at room temperature under an argon atmosphere, EtOH (10 mL), 5 M NaOH (10 mL) and 30% H 2 O 2 (5 mL) were added at 0°C. Stirring was then continued for 1 h at 50°C. The THF was evaporated and the residue was dissolved in EtOAc and partitioned with saturated NaCl solution (2· 100 mL). The organic layer was dried (Na 2 SO 4 ) and concentrated under reduced pressure. The recovered product was purified by FCC eluting with n-hexane/EtOAc (9:1) to yield 4 (276 mg, 86%). Gum (lit. 24 (1.01 g, 2.58 mmol) by standard procedure 25 to yield 5 (865 mg, 81%). (6) . A solution of the glucopyranosyl bromide 5 (152 mg, 0.369 mmol) in toluene (5 mL) was added to the kaurene alcohol 3 (85 mg, 0.30 mmol) in dry toluene (15 mL) following addition of Hg(CN) 2 (92 mg, 0.36 mmol). The mixture was kept under a nitrogen atmosphere and was stirred at room temperature for 24 h and then at 80°C for a further 66 h. The reaction mixture was washed with 5% NaHCO 3 (2· 50 mL) and 10% KI (2· 50 mL), dried (Na 2 SO 4 ) and concentrated under reduced pressure (70°C). The residue was submitted to FCC eluting with n-hexane/EtOAc (9:1) to recuperate 3 (20 mg, 0.07 mmol) and affording the kaurene acetate 7 (19 mg, 25%) and orthoester 6 (62 mg, 44%). Orthoester 6: colourless oil, ½a 1 H NMR data, Table 1. 13 C NMR data, The mixture was immediately heated at 80°C and stirred for 140 h, under nitrogen atmosphere. The organic solution was washed with 5% NaHCO 3 (2· 150 mL) and 10% KI (2· 150 mL), dried (Na 2 SO 4 ) and concentrated under reduced pressure (70°C). The residue was submitted to FCC eluting with n-hexane/EtOAc (9:1) to afford the kaurene acetate 7 (175 mg, 50%) and a 1:1 mixture of 8a/b (223 mg, 34%). Glucosides 8a/b (130 mg, 0.515 mmol) . The mixture was stirred at room temperature for 24 h, at 60°C for 48 h and at 80°C for further 24 h, always under nitrogen atmosphere. The organic solution was washed with 5% NaHCO 3 (2· 50 mL) and 10% KI (2· 50 mL), dried (Na 2 SO 4 ) and concentrated under reduced pressure (70°C). The residue was submitted to FCC eluting with n-hexane/EtOAc (9:1) to recuperate 4 (42 mg, 0.13 mmol) and to afford the orthoester 11 (52 mg, 54%) and the glucopyranoside 12 (29 mg, 30%). Bloodstream forms of T. cruzi were obtained from albino mice with established Y strain infections. Blood with a parasite density of 2 · 10 6 cells/mL was introduced into flat-bottomed test tubes (56· 13 mm). Stock solutions of test compounds were prepared by dissolving 0.02 mol of each one in 1% DMSO plus TCM199 (2.0 mL). Aliquots of this solution were mixed with infected blood (0.2 mL) and TCM199 was added to complete the volume of each tube to 0.4 mL to obtain final concentrations of 0.31, 0.63, 1.25, 2.50 and 5.0 mM of each compound. Control tubes with DMSO, DMSO plus TCM199, and gentian violet were run in parallel. All tubes were incubated for 24 h at 4°C. Thereafter, 5 lL of the suspension was examined microscopically and the parasites counted. The trypanocidal activity was expressed as percentage of parasite number reduction in relation to negative control. 21 3.2.2. Rapid in vivo assay. Adapted from the rapid method originally described by Filardi & Brener. 8 Swiss male albino mice, 18-20 g, 30 days old, were inoculated intraperitoneally with 5 · 10 4 blood trypomastigotes of T. cruzi Y strain. At the peak of parasitaemia (7th day), a single dose of 250 mg/kg of compounds to be tested, dissolved/suspended in DMSO (0.1 mL) plus LIT (0.9 mL) was given by oral route. Benznidazole (Rochagan Ò , Roche; 250 mg/mL in carboxymethylcellulose plus LIT) was the standard drug used as positive control. Untreated mice similarly inoculated were used as controls. The number of circulating trypomastigotes was determined microscopically just before inoculation and then 4 and 6 h after compound administration. The percentage of parasitaemia reduction was calculated by comparing the number of parasites counted at each interval of time after compound administration and pre-treatment. All experiments were undertaken with three mice per group. Means and standard deviations were calculated. The Split-Plot test was used for statistical analysis. The differences between groups were determined by using Student's t test for comparing two groups. Significance was established for P < 0.05.
